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1. Title of the Invention : METHOD FOR SEPARATING AND FORMING 

ELEMENTS OF SEMICONDUCTOR DEVICE 

2 . Claims 

1. A method for separating and forming elements of a 
semiconductor device characterized by the fact that it includes a 
process for forming an insulating film on the surface of a 
semiconductor, a process for forming a polycrystalline silicon 
film on the above-mentioned insulating film, a process for 
forming a first silicon nitride film on the above-mentioned 
polycrystalline silicon film, a process for selectively etching 
the above-mentioned first silicon nitride film, the above- 
mentioned polycrystalline silicon film, the above-mentioned 
insulating film, and a semiconductor substrate, a process for 
laminating a second silicon nitride film, a process for 
anisotropicaly etching the above-mentioned second silicon nitride 
film and forming a spacer of the above-mentioned second silicon 
nitride film at the side wall of the above-mentioned 
polycrystalline silicon film, a process for oxidizing an area, 
which is not covered with the polycrystalline silicon film, using 
the above-mentioned polycrystalline silicon film separated from 
the above-mentioned first silicon nitride film and the above- 
mentioned second silicon nitride film as an oxidizing mask, and a 
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process for forming an area covered with the oxide film and an 
area, which is not covered with the oxide film, by sequentially 
removing the oxide film on the above-mentioned first and second 
silicon nitride films, the above-mentioned first and second 
silicon nitride film, the above-mentioned polycrystalline silicon 
film, and the above-mentioned insulating film. 

2. The method for separating and forming elements of a 
semiconductor device of Claim 1 characterized by the fact that 
the semiconductor is silicon. 

3. The method for separating and forming elements of a 
semiconductor device of Claim 1 characterized by the fact that 
the insulating film being formed on the semiconductor surface is 
a silicon nitride film of 30-1000 A. 

4. The method for separating and forming elements of a 
semiconductor device of Claim 1 characterized by the fact that 
the polycrystalline silicon film has a film thickness of 300- 
6000 A. 

5. The method for separating and forming elements of a 
semiconductor device of Claim 1 characterized by the fact that 
the thickness of the first silicon nitride film is 300-2000 A. 

6 . The method for separating and forming elements of a 
semiconductor device of Claim 1 characterized by the fact that 
the amount of semiconductor substrate etched is in a range of 
0,4-0.6 of the thickness of an oxide film for separating 
elements . 

7. The method for separating and forming elements of a 
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semiconductor device of Claim 1 characterized by the fact that 
the thickness of the second silicon nitride film is 300-3000 A. 


3 . Detailed explanation of the invention 
(Industrial application fields of the invention) 

The present invention pertains to a method for separating 
and forming elements of a semiconductor device. 
{Outline of the invention) 

The present invention pertains to a method for separating 
and forming elements without a small buzz peak and little 
defects. After a thin oxide film is formed on the surface of a 
semiconductor, a polycrystalline silicon film- is deposited, and a 
silicon nitride film is laminated. Next, the silicon nitride 
film, polycrystalline silicon film, silicon oxide film, and 
semiconductor substrate of the part being a future element 
separating area are selectively etched. 

Next, a silicon nitride film is laminated, and the silicon 
nitride film is anisotropically etched using an anisotropic 

etching method such as reactive dry etching, and the silicon 

t. 

oxide film is made to remain at the side wall and the upper part 
of the polycrystalline silicon film. Then, the silicon nitride 
film of the other areas is completely removed. Using the 
polycrystalline silicon film covered with the silicon nitride 
film as a mask, the area having no polycrystalline silicon film 
is oxidized, and an element separating area is formed. Next, the 
nitride film, polycrystalline silicon film, and oxide film 
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existing at the part being an active area are sequentially 
removed . 

Thus, the element separating area covered with a thick oxide 
film and the active area, to which the semiconductor surface is 
exposed, are formed. Thereafter, semiconductor elements are 
prepared in the active area, 
(Prior art) 

In the element separation of the semiconductor elements, a 
selective oxidizing method (LOCOS method) has been used. The 
LOCOS method is as follows. As shown in Figure 3(a), a 
semiconductor surface 11 of silicon, etc., is oxidized, and a 
relaxing silicon oxide film 12 for relaxing a stress being 
generated during the selective oxidation is formed. Furthearmore, 
a silicon nitride film 13 as a material for an oxidation mask 
during the selective oxidation is laminated by a CVD method. 
Next, as shown in Figure 2(b), a resist 14 is formed in a desired 
shape using a photoetching method, and using the resist 14 as a 
mask, the silicon oxide film 13 is etched. Furthermore, if 
oxidation is carried out as shown in Figure 2(c), the area having 
no silicon oxide film is oxidized, and a thick oxide film 15 for 
an element separation is formed. On the other hand, the area, 
which is not covered with the silicon nitride film 13, is not 
oxidized. Next, as shown in Figure 2(d), an element separating 
area 16 and an active area 17. are formed by sequentially removing 
the silicon nitride film and the relaxing silicon oxide film. 
Then, semiconductor elements are formed in the active area 17. 
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(Problem to be solved by the invention) 

In the conventional LOCOS method, as shown in Figure 2 (d) , 
the oxide film with a length of 1 is stretched in a slender 
shape from the boundary of the element separating area to the 
active area, so that the active area is narrowed (this is called 
a buzz peak) . The length 1 of the buzz peak depends on oxidation 
conditions, etc, however it is usually 0.5 iim or more. The 
element molecule [sic; separating] area cannot be narrowed. As a 
method for reducing the buzz peak, the relaxing silicon oxide 
film is thinned, or the silicon nitride film is thickened. 
However, in any cases, a large stress is exerted on the 
semiconductor substrate in the LOCOS oxidizing process, and many 
crystal defects are generated, so that the element separating | 
characteristic is deteriorated. Therefore, in the conventional 
LOCOS method, the above-mentioned buzz peak cannot be reduced 
while maintaining a favorable element separating characteristic.) 
(Mechanism for solving the problems) 

In order to solve the above-mentioned problems, in the 
present invention, the side surface and the surface of a 
polycrystalline silicon film having about the same thermal 
expansion coefficient as that of a semiconductor substrate 
(silicon) are covered with a silicon nitride film, and using the 
polycrystalline silicon film as an oxidizing mask, the area, 
which is not covered with the polycrystalline silicon film, is 
oxidized. Also, the semiconductor substrate of the area, which 
is not covered with the polycrystalline silicon film, is etched 
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to some degree, that is, at an amount corresponding to the 
thickness of about half of the thick LOCOS oxide film prior to 
the oxidation. 
(Operation) 

Since the polycrystalline silicon film with a thermal 
expansion coefficj.ent equal to that of the silicon substrate is 
used as an oxidizing mask for the side wall silicon nitride film, 
the buzz peak is small, and elements with little defects can be 
separated. Also, since the semiconductor substrate is etched at 
a corresponding amount prior to the LOCOS oxidation, the level 
difference of the element separating area and the active area can 
be reduced. /3 
(Application examples) 

The application example of the present invention is shown in 
Figures 1 (a) - (g) . As shown in Figure 1(a), an insulating film 2 
is laminated on a semiconductor substrate 1 such as silicon (Si) . 
Needless to say, the semiconductor substrate 1 may also be 
semiconductor substrates other than silicon. For example, 
compound semiconductors such as gallium arsenic (GaAs) and indium 
phosphorus (InP) may also be used. Also, the insulating film 2 
is generally a silicon oxide film, and it can be deposited by 
oxidizing method, chemical vapor deposition (CVD) method, or 
physical vapor deposition (PVD) method. The silicon oxide film 2 
is also called a [illegible] (pad) oxide film and has a function 
of relaxing a stress being generated in the semiconductor 
substrate during a field oxidation of the postprocess. In the 
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selective oxidation (LOCOS) method, there is a tendency that the 
thicker the silicon oxide film 2, the longer the buzz peak. On 
the contrary, the thinner the silicon oxide film, the shorter the 
buzz peak, however the defect density is increased in the 
semiconductor substrate. Next, a polycrystalline silicon film 3 
is deposited on the silicon oxide film 2 . A silicon nitride film 
4 is further laminated on the polycrystalline silicon film 3 . 
The polycrystalline silicon film 3 can be laminated by the CVD 
method or PVD method. In the CVD method, the polycrystalline 
silicon film 3 is formed by a chemical vapor deposition using a 
silane group gas (Si^N^) such as silane gas (SiNj or disilane gas 

(SijNg) , or trisilane (SiaNg) . Also, the silicon nitride film 4 
can be laminated by the. CVD method or PVD method. In the CVD 
method, the silicon nitride film 4 is formed by a reaction of 
dichlorsilane gas (SiNjClj) and an ammonia gas (NH3) or a reaction 
of a silane gas (SiN^) and an ammonia gas (NH3) . Next, as shown 
in Figure Kb), the above-mentioned silicon nitride film 4, 
polycrystalline silicon film 3, and silicon oxide film 2 are 
selectively etched using photoetching method, etc. In other 
words, the silicon nitride film 4, polycrystalline silicon film 
3, and silicon oxide film 3 being an element separating area are 
removed by etching. The etching may be wet methods, however dry \ 
methods with little [illegible] etching are more preferable. Of 
the dry methods, in particular, a reactive ion etching (usually 
called a RIE) with a large anisotropy and a plasma etching 

(usually called a PPE) are preferable. In preparing a fine 
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pattern of 3 /x or less, the anisotropic etching is especially 
required. Also, since the silicon oxide film 2 is generally as 
thin as 500 A or less, there is no special problem in etching 
using the wet method. The silicon nitride film 4, 
polycrystalline silicon film 3, and silicon oxide film may also 
be etched by separate etching apparatuses, and they may also be 
continuously etched using the same etching apparatus. The part, 
in which the silicon nitride film 4 and the polycrystalline 
silicon film 3 are removed by etching, will be an active area. 
Next, as shown in Figure 1(c), thin films such as silicon nitride 
film 4 are removed, and the semiconductor substrate of the part, 
to which the semiconductor substrate 1 such as silicon is 
exposed, is etched. The purpose of etching of the semiconductor 
substrate is to reduce the level difference of the active area 
and the element separating area being generated after the 
selective oxidation and to reduce defects in the semiconductor 
substrate. In etching the semiconductor substrate 1, needless to 
say, a mask material such as resist existing on the silicon 
nitride film 4 of the part to be an active area may be present. 

However, in case a heat treatment process such as oxidation 
is adopted between Figures 1(b) and (c) , the mask material such 
as resist must be removed. As the silicon etching method in 
Figure 1(c), there are wet methods and dry methods. In the wet 
methods, an etching solution for anisotropically etching the 
semiconductor substrate such as silicon is' preferable . For 
example, the anisotropic etching is enabled by etching with an 
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alkali solution such as potassium hydroxide. 

Also, in the dry methods, in particular, the RIE and PPE, 
which can be anisotropically etched, are used. The amount of 
semiconductor substrate such as silicon etched is an amount 
selected so that the active area and the element separating area 
are flat at a time of the selective oxidation. For example, in 
case the semiconductor substrate 1 is silicon, if the thickness 
of a field oxide film of the element separating area is 6000 A, 
the amount of silicon substrate being etched is about 3000 A. 

Next, as shown in Figure 1(d), a second silicon nitride film 
6 is laminated. The nitride film 6 can also be formed by the CVD 
method or PVD method similarly to the nitride film 4. 

Lk 

Next, using a dry etching method (RIE, or PPE, or ion sealing, or 
sputtering etching method) with a strong anisotropy, the second 
silicon oxide film 6 is etched on the entire surface. At that 
time, the nitride film of the part being the element separating 
area is preferably completely removed by etching. The silicon 
nitride film 6 of the flat part is all etched by the anisotropic 
etching, however since the thickness of the silicon nitride film 
6 of the side wall part of the polycrystalline silicon film 3 is 
thick, the silicon nitride film 6 remains as a spacer at the side 
wall of the polycrystalline silicon film 3 . This pattern is 
shown in Figure 1(e). 

Next, a thick oxide film 7 is deposited on the areas other 
than a certain part of the polycrystalline silicon film 3 covered 
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with the nitride film by oxidizing an oxidizing atmosphere as 
shown in Figure 1(f), however in the certain area of the 
polycrystalline silicon film covered with the nitride film, since 
the nitride film is an oxidizing mask, the oxide film is not 
deposited. In particular, the second nitride film 6 remaining as 
a spacer prevents the oxidation in the horizontal direction. 
Thus, the buzz peak, which is a horizontal oxidation, is 
extremely reduced. Then, the thin oxide film deposited on the 
nitride film during the oxidation, silicon nitride films 6 and 4, 
polycrystalline silicon film 3, and relaxing oxide film 2 are 
sequentially removed, and as shown in Figure Kg), an active 
(element) area 8 and an element separating area 9 are formed. 
Thereafter, [illegible] elements such as transistor are formed in 
the active area 8, and an IC is prepared. 

As shown in Figures l(a)-{g), after the process shown in 
Figure 1(c), or the process shown in Figure 1(d), or the process 
shown in Figure 1(e), an ion implantation for preventing a field 
area inversion may also be carried out. 

Since the polycrystalline silicon film 3 has the same 
\ composition as that of the silicon which is the semiconductor 
\ substrate, the physical properties are similar. During the 
selective oxidation shown in Figure 1(f), if the difference in 
the thermal expansion coefficient between the oxidizing mask and 
the substrate material is large, defects are apt to be generated 
in the semiconductor substrate, however in the present invention, 
since the polycrystalline silicon film is used as a main material 


of the oxidizing mask, the calorie is small, and defects are 
difficult to be generated in the semiconductor substrate 1. 
Also, owing to the side wall silicon nitride film, the horizontal 
oxidation is seldom caused, and an element separating area 
without a small buzz peak is formed. Furthermore, the relaxing 
silicon oxide film 2 can be more thinned, compared with 
conventional films, so that the reduction of the buzz peak can 
also be expected. 

In an ordinary LOCOS method, the thickness of the relaxing 
silicon oxide film 2 is 500-1000 A, however if the present 
invention is used, the thickness can be reduced to 30-1000 A. 
Also, the thicker the thickness of the polycrystalline silicon 
film 3, the smaller the buzz peak, however 300-6000 A is 
practically preferable. Also, the thickness of the silicon 
nitride film 4 may have a thickness that remains sufficiently 
even by an overetching of the silicon nitride film 6 and a 
thickness that the polycrystalline silicon film 3 is not oxidized 
during a field oxidation. Furthermore, the thicker the thickness 
of the silicon nitride film 6, the thicker the thickness of the 
side wall, and the buzz peak is reduced. However, 300-1000 A is 
practically preferable. As an example, when the relaxing silicon 
oxide film 2, polycirystalline silicon film 3, silicon nitride 
film 6, the silicon etching with KOH, and field oxide film 7 are 
respectively deposited at 200 A, 4000 A, 1500 A, 1500 A, 3000 A, 
and 6000 A, the buzz peak is 0.2 or less, and the active area^ 
and the element separating area with almost the same pattern size 
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can be formed. Also, the level difference of the active area and 
the element separating area is 500 A or less, and a favorable 
flatness is also obtained. Furthermore, at that time, the defect 
density is very small, and about the same favorable element 
separating characteristic as that of the conventional LOCOS 
method is exhibited. 
(Effects of the invention) 

As explained above, according to the present invention, a 
favorable element separation with little defects and a very small 
buzz peak can be realized by a selective oxidation using a 
polycrystalline silicon film, whose surface and side wall are 
covered with a silicon nitride film, as an oxidizing mask. 

4 . Brief description of the ficrures 

Figures 1(a) -(g) are cross sections showing the process 
sequence of the manufacturing method of the present invention. 
Figures 2 (a) - (d) are cross section showing the process sequence 
of a conventional manufacturing method. 

Semiconductor substrates 
Silicon oxide films 

Z5 

Polycrystalline silicon film 
(First) silicon nitride films 
(Second) silicon nitride film 
Silicon oxide films (field oxide film) 
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1, 11 

2, 12 

3 

4, 13 
6 

7, 15 


14 

8, 17 

9, 16 


Resist 

Active areas 

Element separating areas 


Keys to Figures 1 and 2: 

Figure 1: Cross sections showing the process sequence of the 
manufacturing method of the present invention 

(a) 

1 Semiconductor substrate 

2 Silicon oxide film 

3 Polycrystalline silicon film 

4 Silicon nitride film 
(c) 

A, Silicon etching 
(d) 

6 Silicon nitride film 
(f) 

7 Silicon oxide film 

8 Active area 

9 Element separating area 

Figure 2 : Cross sections showing the process sequence of a 
conventional manufacturing method 
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